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Abstract 
Imbalance in regional economic development is the reality faced by China, to find out reasonable indicators 
measuring regional economic development is the key to analyzing and solving the problem. In the study, 16 
indicators are selected from three aspects of total economy, regional trade and finance as well as life quality, which 
are processed with the use of PCA method to finally form the evaluation system with 4 comprehensive indicators. 
Then we use super-efficiency DEA model to evaluate the economic development efficiency of the 17 cities in 
Shandong province, and the reasonable results validate the rationalization of the comprehensive indicator system. 
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1. Introduction 
China's economy is maintain ing a h igh rate of growth today, but due to the differences in policy and 
institutional environment, resource endowment and the distribution of fo reign investment, the problem of 
unbalanced economic development among different regions increasingly prominent. Weihua Guan etc. 
(2006) used empirical mode decomposition method, and concluded through the analysis that by the view 
of 60 years criterion, the gap of china’s economic development between different regions was narrowed 
over 1960s to 1990s, but gradually widen after 1990s. According to the development theory of 
coordinating regional economy, regions should focus on the development of their major and competit ive 
industries based on the rules of marketing economy, internal links of economy and natural features in 
geography, to avoid regional convergence between the industries, thus contributing to better development 
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of regional economy. The unbalanced development is a common phenomenon in the international 
economy, which will have an important impact on national economy. The phenomenon is also a subject 
attracted economists’ attentions[1-4]. Shandong Province is the second of our country's major economical 
province, which is only inferior to Guangdong Province in contribution to our country’s total GDP 
quantity. How to make the 17 cit ies in  Shandong province achieve coordinated economic development 
while maintains the national economic status is worth thinking about. Finding reasonable indicators for 
measuring regional economic development is the key to analyze and solve problems[3-6].  
2. Methods Applied in the study 
2.1. Principal Component Analysis 
Principal component analysis˄PCA˅is a common method of mult ivariate analysis in mathematical 
statistics and the essence of it is to study how to use less indicators to describe multiple indicators as 
comprehensive as possible. Suppose there are n samples and each sample has m variables, then n mX u is a 
n mu  matrix o f sample data. When m is large, it is difficult to analyze the problem in m-dimensional 
space. So dimension-reduction is needed to make less comprehensive indicators reflect the information 
contained in the initial indicators as much as possible, which are mutually independent. 
Define 1 2, , , mx x x  as initial variable indicator, and  1 2, , , pz z z p md as new ones, 
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The principles to determine the coefficient ijl : (1) iz and  : , 1,2, ,jz i j i j pz  are independent; 
(2) 1z is with the maximum variance in the all linear combinations of 1 2, , , px x x , 2z is with the 
maximum  variance in  the all linear combinations independent with 1z , and so on. Then the new variables  
1 2, , , pz z z become the first, the second …, the p principal component of the initial variab les  
1 2, , , px x x .  
2.2.  DEA Method 
Data envelopment analysis (DEA), first proposed by A. Charnes, W.W. Cooper and E. Rhodes in 
1978, that is CCR-DEA model, which makes use of linear programming techniques to evaluate relative 
efficiency of similar economies with multiple input and output indicators. This method can evaluate 
indicators with different  dimensions and does not need artificial weight of each indicator, so it has strong 
objectivity. However, during the process of applying this model, many scholars found that there was an 
obvious flaw in the CCR model: when several DMUs are relatively efficient, it can’t sort them completely. 
In response to the flaw, Anersen and other scholars modified the basic model and proposed super-
efficient DEA model in 1993, the basic idea of which is: when it evaluates
0k
DMU , using the linear 
combination of input and output indicators of all the other DMUs to take the place of the ones of 
0k
DMU , which means 0kDMU has been excluded. Therefore, all the DMUs can be sorted efficiently. 
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Suppose there are n DMUs with s inputs and t outputs. ijx denotes the i th input indicator value of 
the r th DMU, and jry  denotes the j th output indicator value of the r th DMU. The efficiency of the 
k th DMU can be calcu lated by the linear programming, which is given by Eq. (2). And supper-
efficiency  DEA model is show by Eq. (3). 
3. Evaluation Indicator System of Economic Development Efficiency in Shandong Province 
Among the studies of regional economic development efficiency, the indicators used are various 
from different perspectives. Cao Mengzi, etc. (2009) analyzed overall economic efficiency of 31 
provinces in China, and they used fixed  assets as material investment, government spending and the 
number of actual utilization of foreign capital as a financial investment, used actual number of the 
employment to  measure labor input, investment in  education and the actual number of patent licensing to 
measure the level of technology development in all regions. Jingliang Yu etc. (2008) based on economic 
growth theory, measured input from three aspects as capital investment, labor input and technological 
input, measured output from total quantity and quality of economy, built an indicator system about 
efficiency of u rban economic including investment in  fixed  assets, actual foreign direct investment, social 
jobholders and gross regional product. From the existing documentation, economic volume, revenue and 
expenditure and other indicators are more commonly used indicators, but the factors of people's life 
quality in the existing documentation has not been considered. 
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Where ,i jS S
  are slack variables, T  is efficiency value of the k th DMU and satisfies 10 ddT . 
3.1. Choose Indicators of Regional Economic Development  
With special consideration of the factor of life quality, we choose 16 indicators including 6 inputs 
and 10 outputs from three aspects: total economy, regional trade and finance as well as quality of life. The 
specific indicators are shows in Table1.  
Table1 The Selected Indicators  
Category Code Indicator Name Input/output  
Total economy 
I1 total investment to fixed assets Input 
I2 the general budgetary expenditure of local governments  Input 
I3 actual utilized foreign investment  Input 
O1 gross domestic product  Output 
O2 the added value of the primary industry Output 
O3 the added value of the second industry Output 
O4 the added value of the tertiary industry Output 
O5 the general budgetary revenue of local governments  Output 
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Regional trade and 
Finance 
I4 the savings deposit  in Renminbi and foreign exchange in financial institutions Input 
O5 the total retail sales of consumer goods Output 
O6 total import and export value Output 
O7 the loans in Renminbi and foreign exchanges in financial institutions Output 
Life quality 
I5 the per-capita net income of rural residents Input 
I6 the per-capita disposable income of urban residents Input 
O9 the per-capita living expenditure of rural residents Output 
O10 the per-capita living expenditure of urban residents Output 
 
3.2. Establish the Comprehensive Evaluation Indicator System 
Considering that excessive indicators may  increase the d ifficu lty and complexity  of analysis, we use 
PCA method to reduce the dimension of the initial indicator system with the help of SPSS software. The 
data we use is from ‘2009 National Economic and Social Development Statistics Bullet in’ of 17 cit ies in 
Shandong province. The results are shown in Table2 and Table3. 
Table2. PCA Results on Input Indicators 
Total Variance Explained Component Score Coefficient Matrix 
Initial Eigen values Component  
Component Total % of Variance Cumulative %   I1* I2* I3* 
I1* 4.544 75.732 75.732 I1 0.205 -0.233 -0.6 
I2* 0.771 12.845 88.577 I2 0.193 -0.534 -0.05 
I3* 0.31 5.167 93.744 I3 0.196 -0.203 0.4 
I4* 0.196 3.259 97.004 I4 0.181 0.627 -0.22 
I5* 0.093 1.557 98.56 I5 0.177 0.686 0.18 
I6* 0.086 1.44 100 I6 0.196 -0.227 -0.25 
 
Table3 . PCA Results on Output Indicators 
Total Variance Explained Component Score Coefficient Matrix 
Initial Eigen values Component 
Component Total 
% of 
Variance Cumulative %   O1* O2* O3* 
O1* 7.271 72.705 72.705 O1 0.135 0.07 0.085 
O2* 1.299 12.993 85.698 O2 0.069 0.58 0.588 
O3* 0.567 5.675 91.373 O3 0.126 0 0.436 
O4* 0.405 4.054 95.426 O4 0.133 0.06 -0.389 
O5* 0.219 2.191 97.618 O5 0.125 0.23 -0.31 
O6* 0.161 1.608 99.226 O6 0.115 -0.06 0.369 
O7* 0.049 0.488 99.713 O7 0.134 0.03 -0.134 
O8* 0.024 0.241 99.954 O8 0.122 0 -0.739 
O9* 0.005 0.046 100 O9 0.104 -0.43 0.022 
O10* 0 0 100 O10 0.09 -0.42 0.521 
From tables3, It can be found that principal component I1*, I2*and I3* cover 93.74% of informat ion 
reflected by the 6 init ial input indicators and 91.37% of information contained in the 10 initial output 
indicator is shown by principal component O1*, O2*and O3*. But we can’t neglect the calculat ing result 
that many values of O2*and O3* are negative which cannot be given a good explanation. 
So we just use the comprehensive indictors I1*, I2*, I3*  and O1* as the new input and output 
indicators respectively. Although the new comprehensive output indicator we finally chose just  covers 
72.71% of informat ion of the initial indicators, the rationality of the whole system can be still 
demonstrated in the later empirical analysis. I1* can be formulated as  
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1* 1 0.205 2 0.193 3 0.196 4 0.181 5 0.177 6 0.196 4.544I I I I I I I u  u  u  u  u  u u , and  I2*, 
I3*, O1*, O2*and O3* can be formulated in a similar manner according to the data from the tables. 
3.3. Empirical Analysis 
Based on the comprehensive evaluation indicator system we have established, super-efficiency DEA 
models can be built for evaluating the economic development efficiency of 17 cities in Shandong 
province with reference to Eq.(2) one by one. Then we use EMS soft to solve the models and the 
evaluating results are shown in table 4. 
Table4. Evaluating Results  
Order DMU Score Order DMU Score Order DMU Score 
1 Qingdao 1.237 7 Liaocheng 0.824 13 Binzhou 0.727 
2 Weifang 1.128 8 Linyi 0.791 14 Heze 0.718 
3 Yantai 0.912 9 Zibo 0.788 15 Dongying 0.714 
4 Weihai 0.906 10 Taian 0.774 16 Zaozhuang 0.698 
5 Jian 0.861 11 Dezhou 0.733 17 Laiwu 0.613 
6 Jinin 0.824 12 Rizhao 0.732       
   According to the evaluating scores shown in the above table, it is apparent that there is big difference 
among the economic development efficiency of the cities. There are only two cities achieving DEA 
efficient status, and other 15 cit ies are all non-efficient. And the economic development efficiency of 
cities can be ordered from high to low as Qingdao, Weifang, Yantai, Weihai, Jinan, and etc., and the citie s 
Laiwu and Zaozhuang are in the lowest level.  
4.  Conclusion 
In this study, we choose the regional economic development efficiency as the cut -in point to analysis 
and establish a comprehensive indicator system to measure the differences among the cities in Shandong 
province. PCA method is used here to simplify  the in itial indicator system from 6 input indicators and 10 
output indicators to four comprehensive indicators, 3 inputs and 1 output. It lays a good foundation to 
simplify the evaluating process. Besides, to validate the rationalization of the comprehensive indicator 
system, we make use of super-efficiency DEA model to evaluate the economic development efficiency of 
the 17 cit ies, and the reasonable results demonstrate that the indicator system we have established has 
practical application value. 
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